Abstract: This study investigates municipalities' regulatory activities in the field of Genetically Modified Organisms (GMOs) for agricultural use. To explore the determinants of these activities, the case of Germany was selected as in this country, municipalities have legal possibilities to impose local GMO cultivation bans. Using data from 131 local council resolutions, the combination of qualitative and quantitative content analysis shows that, in most cases, no single factors, but a variety of factors lead to regulatory activity. The study reveals that functional motivations to prevent negative socio-economic effects or impacts on the environment or human health are decisive for municipalities' decisions to regulate. Furthermore, the results of the quantitative analysis unveil that municipalities often refer to both socio-economic reasons and risks for the environment and human health when justifying their decisions. Moreover, the results indicate that local policymakers impose popular cultivation bans to promote their own political success. Finally, the horizontal diffusion of regulations between municipalities, but also vertical diffusion from higher political levels can be observed. Overall, the results of this study on GMOs on a local level further emphasize the importance of analyzing the interdependencies between agroecosystems and socio-economic systems in their full complexity.
Introduction
Farmers started planting the first genetically modified (GM) crops for commercial purposes in the mid-1990s. Since then, the cultivation of these crops has sparked controversies in almost every adopting country worldwide [1] . In the European Union (EU), much criticism centered on the agri-industrial farming practices that are often associated with GM crop cultivation, which, among others, is said to contest and endanger 'traditional' food production systems [2, 3] . The deprecatory views on biotechnology in agricultural production led to regulatory activity on all levels of governance: in order to defuse the conflicts between the two contending agri-food systems, policymakers introduced more and more regulations, which were partially detrimental to farming based on genetically modified organisms (GMOs) [4] [5] [6] .
Research has concentrated on GMO regulatory activities on supranational, national, and regional levels, as well as on the interdependencies between these levels [2, 5, [7] [8] [9] [10] [11] [12] . This study complements previous research by investigating regulatory action on a level of GMO governance that has been scarcely analyzed in this regard yet: the local level.
This study is not the first one investigating local implications of the use of biotechnology in agriculture. This has been done by several studies from various disciplinary perspectives, including political science, sociology, and economics [13] [14] [15] [16] [17] . Friedrich [13] , for instance, examined local conflicts that were sparked by the GMO issue in several municipalities in Germany. Her study provides detailed information on the actors involved, the various conflict actions and the (political) conflict settlement attempts. However, despite such insights, it remains to be analyzed whether municipalities introduce hard GMO regulations, and if so, why they do it. To address this research lacuna, the research question guiding this study is as follows: How can GMO regulatory activity on the local level be explained?
Basically, whether a municipality adopts a GMO regulation can be influenced by a multitude of factors. Despite the explorative nature of this study, three theoretical arguments are proposed to explain such action. First, we argue that municipalities regulate due to functional motivations of safeguarding certain valuable goods such as the environment. Second, we argue that political aspirations of local policymakers seeking credit for positive policy outputs lead to regulatory action. Third, we argue that municipalities anchor regulations in reaction to similar policy measures adopted beforehand by other units.
Germany was selected for this study, as in this EU member state municipalities possess legal means to prohibit GMO cultivation in their regions. More precisely, German municipalities can commit themselves to forbid farmers to plant GM crops on their leased agricultural land (self-regulation).
To accomplish this, a city or commune must include a specific clause in its lease contracts for agricultural land, which then explicitly prohibits cultivating GM crops on the commune's land. To include this clause, a municipality must enact a corresponding resolution in its local council, the main legislative body of a commune representing its local citizens. The GMO cultivation ban does not need renewal and it can only be abolished by a new resolution [18] .
The study reveals that various factors drive GMO regulatory activity on the local level. First, municipalities regulate due to functional motivations stemming from socio-economic concerns or perceived risks for the environment or human health. Second, they regulate due to political aspirations of local policymakers, who use popular GMO regulations symbolically to increase their political success. Third, municipalities take regulatory action because of horizontal diffusion between municipalities based on learning as well as due to vertical diffusion from higher political levels based on hierarchic coordination. Finally, the analysis of combinations of reasons for regulating GMO farming reveals, among others, that municipalities not only mention socio-economic concerns and risks for the environment or human health most frequently, but that they also do so prevalently in combination.
The remainder of this study is structured as follows. It first describes the development of the regulatory context of local GMO cultivation bans in Germany, thereby putting emphasis on regulatory activity on the EU level and the German national level. The theoretical section then focuses on three explanations for why municipalities regulate GMOs: functional motivations, political aspirations of local policymakers and policy diffusion. The subsequent section provides details on the methodology and data generation before the exploratory findings are presented and discussed in two steps. First, single frequencies of municipalities' statements are discussed and second, interdependencies between the reasons are investigated. The study ends with a summary of the main findings and some concluding remarks.
The Regulatory Context
Regulation of GMO cultivation in Germany is characterized by a complex multi-level governance structure with some regulatory flexibility on the subnational levels. Authorization of GMOs for cultivation is located at the EU level, originally covered by Council Directive 90/220/EEC and by Directive 2001/18/EC. A national safeguard clause that is included in both directives has enabled EU member states to ban cultivation of GMOs on their territory, even after their authorization. These bans had to be based on new findings on risks for human health or the environment. Only since 2015, member states may also enact cultivation bans on socio-economic or other grounds [12, 19] . In Germany, the main competencies for regulating GMO cultivation are located at the federal level. Most importantly, the federal government enacted restrictive rules for governing the co-existence between conventional, Sustainability 2018, 10, 3392 3 of 23 organic, and GMO farming in 2005 [20] . In addition, it may impose nationwide cultivation bans, such as the ban on the GM maize MON810 in 2009, which de facto prohibited GMO farming in Germany as a result [21] . Despite the prohibitive regulatory framework in place at the national level, German states have used legal possibilities and imposed additional cultivation bans for GM crops on their land by including specific clauses in lease contracts [8] . Municipalities or communes are political jurisdictions located at the lowest administrative level and range from small villages to large cities. Concerning GMO cultivation, municipalities can prohibit the cultivation of GM crops on their leased land as well. German municipalities introduced GMO cultivation bans over a period of 16 years, from 1999 to 2014. A list of all municipalities can be found online in Table S1 of the Supplementary Materials. The distribution of these municipalities across Germany is illustrated in Figure 1 . other grounds [12, 19] . In Germany, the main competencies for regulating GMO cultivation are located at the federal level. Most importantly, the federal government enacted restrictive rules for governing the co-existence between conventional, organic, and GMO farming in 2005 [20] . In addition, it may impose nationwide cultivation bans, such as the ban on the GM maize MON810 in 2009, which de facto prohibited GMO farming in Germany as a result [21] . Despite the prohibitive regulatory framework in place at the national level, German states have used legal possibilities and imposed additional cultivation bans for GM crops on their land by including specific clauses in lease contracts [8] . Municipalities or communes are political jurisdictions located at the lowest administrative level and range from small villages to large cities. Concerning GMO cultivation, municipalities can prohibit the cultivation of GM crops on their leased land as well. German municipalities introduced GMO cultivation bans over a period of 16 years, from 1999 to 2014. A list of all municipalities can be found online in Table S1 of the Supplementary Materials. The distribution of these municipalities across Germany is illustrated in Figure 1 .
Figure 1.
Municipalities with cultivation bans across Germany. Source: Own figure based on data provided by [18] .
In the following, this section situates the development of municipalities' regulatory activity in its overall regulatory context. When considering this context, the development of regulatory practice on the local level can be divided into four phases.
The first phase refers to the years of the EU 'moratorium' from 1999 to 2004. The second phase comprises the years of strictly regulated GMO cultivation in Germany from 2005 to 2008. The third phase relates to the period after the national cultivation ban on MON810 from 2009 to 2014. Finally, the fourth phase is about the years after Germany made use of a new legal opportunity, and, by way of precaution, banned all GM crops pending approval on EU level. This phase covers the years from 2015 to 2017.
To make this clear, this section only situates the regulatory activity of German municipalities within the development of the overall regulatory context. It does not attempt to analyze the possible causal effects of changes in the regulatory context on the adoption of local GMO cultivation bans. Whether a municipality takes such action can be influenced by several factors, which will be analyzed and discussed in Section 5. [18] .
To make this clear, this section only situates the regulatory activity of German municipalities within the development of the overall regulatory context. It does not attempt to analyze the possible causal effects of changes in the regulatory context on the adoption of local GMO cultivation bans. Whether a municipality takes such action can be influenced by several factors, which will be analyzed and discussed in Section 5. The initial set-up of the EU regulatory framework on GMOs dates to 1990 when the European Council adopted Directive 90/220/EEC on the deliberate release of GMOs into the environment, and Directive 90/219/EEC on the contained use of GM micro-organisms. Based on this newly established framework, the EU, from 1995 to 1996, authorized several GM crops both for food use and commercial cultivation. This 'wave of authorizations' together with a 'public outcry' induced several national governments to oppose further approvals [5] (p. 3). Due to a blocking minority of only five anti-GMO member states, the Council of Environment Ministers stopped all GMO approvals for commercial purposes in June 1999. This so-called de facto 'moratorium' on all new approvals of GM crops for commercial cultivation lasted for five years until 2004 [22] . Figure 2 shows that only a few communes took regulatory action during the 'moratorium' years from 1999 to 2004. On the one hand, it is remarkable that the municipalities adopted these measures. That is to say, not a single GM crop had been cultivated for commercial purposes in Germany by 2004. Until this year, universities, other public research institutions, and companies conducted several scientific field trials, the number of these plots, however, decreased significantly since 2005 [23] . Although public and private plant research holds a long tradition in Germany, GM crops have not been planted for scientific purposes in the country since 2013. One major reason for this is that vandals, informed on the exact locations by a public GMO location register (see, phase 2 below), frequently destroyed the costly field trials [24] . Moreover, the communes, in principle, did not have to fear the possible cultivations of new GM crops on their land, as the required authorizations on the EU level were blocked by the 'moratorium' at that time. The initial set-up of the EU regulatory framework on GMOs dates to 1990 when the European Council adopted Directive 90/220/EEC on the deliberate release of GMOs into the environment, and Directive 90/219/EEC on the contained use of GM micro-organisms. Based on this newly established framework, the EU, from 1995 to 1996, authorized several GM crops both for food use and commercial cultivation. This 'wave of authorizations' together with a 'public outcry' induced several national governments to oppose further approvals [5] (p. 3). Due to a blocking minority of only five anti-GMO member states, the Council of Environment Ministers stopped all GMO approvals for commercial purposes in June 1999. This so-called de facto 'moratorium' on all new approvals of GM crops for commercial cultivation lasted for five years until 2004 [22] . Figure 2 shows that only a few communes took regulatory action during the 'moratorium' years from 1999 to 2004. On the one hand, it is remarkable that the municipalities adopted these measures. That is to say, not a single GM crop had been cultivated for commercial purposes in Germany by 2004. Until this year, universities, other public research institutions, and companies conducted several scientific field trials, the number of these plots, however, decreased significantly since 2005 [23] . Although public and private plant research holds a long tradition in Germany, GM crops have not been planted for scientific purposes in the country since 2013. One major reason for this is that vandals, informed on the exact locations by a public GMO location register (see, phase 2 below), frequently destroyed the costly field trials [24] . Moreover, the communes, in principle, did not have to fear the possible cultivations of new GM crops on their land, as the required authorizations on the EU level were blocked by the 'moratorium' at that time. On the other hand, the communes may have been skeptical about-or did not want to wait forthe European or the national legislator to establish regulations that prevent farmers from growing GM crops in a municipality after a possible end of the 'moratorium'. The few communes might have imposed cultivation bans instead of waiting for regulations on higher political levels. Remarkably, during the 'moratorium' years, the number of cultivation bans reached its peak in 2004. This could be due to the looming end of the 'moratorium', which local policymakers might have expected to result in possible approvals of new GM crops.
Turning back to the regulatory context in more detail, two particularly relevant processes took place during the turbulent 'moratorium' years. First, several member states provisionally banned the cultivation of specific GM crops in their territories that had been authorized for commercial cultivation in the EU [5] (p. 9). To achieve this, they made use of a 'safeguard clause' that was included On the other hand, the communes may have been skeptical about-or did not want to wait for-the European or the national legislator to establish regulations that prevent farmers from growing GM crops in a municipality after a possible end of the 'moratorium'. The few communes might have imposed cultivation bans instead of waiting for regulations on higher political levels. Remarkably, during the 'moratorium' years, the number of cultivation bans reached its peak in 2004. This could be due to the looming end of the 'moratorium', which local policymakers might have expected to result in possible approvals of new GM crops.
Turning back to the regulatory context in more detail, two particularly relevant processes took place during the turbulent 'moratorium' years. First, several member states provisionally banned the cultivation of specific GM crops in their territories that had been authorized for commercial cultivation in the EU [5] (p. 9). To achieve this, they made use of a 'safeguard clause' that was included in Article 16 of Directive 90/220/EEC [25] . According to this clause, the member states were obliged to justify national cultivation bans with new scientific evidence about risks for the environment or human health that have not yet been considered in the prior risk assessment led by the European Food Safety Authority (EFSA). The German government also made use of this legal option and imposed a cultivation ban on an EU authorized GM crop. In January 2000, Germany banned Bt176 maize (Syngenta), because of rather dubious new safety concerns [26] (p. 291). The European Commission approved this biotech crop in 1997. However, it has never been cultivated by farmers in Germany.
In a second important process during the 'moratorium' years, the European Commission replaced Directive 90/220/EEC with Directive 2001/18/EC [27] , with the latter prescribing much stricter rules for the EU approval process of GM products and the cultivation of GM crops [9] (pp. 115-117). The directive obligated the member states to adopt national 'co-existence' measures, which should guarantee farmers the freedom to choose between the different agriculture production types, conventional, organic, and GMO farming. Moreover, consumers were supposed to have the 'freedom of choice' between products resulting from the different farming practices [28] . Practically, safeguarding 'co-existence' represents a highly complex task as it must secure segregation between the different agriculture production channels along the entire food production supply chain: from the seed supplier to farmers, wholesale dealers, processors, and retailers.
The EU provided guidance to the member states in establishing appropriate rules for 'co-existence' management. The European Commission published 'recommendations' for the development of national 'co-existence' measures first in 2003, and additional ones in 2010, which, however, had no obligatory character [29, 30] . Nevertheless, the European Commission stipulated a specific approach to 'co-existence' management. This must be performed at farm-level and be based on a crop-by-crop approach; the European Commission has been criticized for these 'soft power' recommendations as being 'top-down and authoritative' [31] (p. 29). Moreover, the 'European Coexistence Bureau' provides the member states with several crop-specific guidelines to support the countries in establishing appropriate 'co-existence' measures [32].
Phase 2: The years of strictly regulated GMO cultivation, 2005 GMO cultivation, -2008 In 2005, Germany implemented legally binding rules for safeguarding 'co-existence' into its national law. In the same year, farmers were allowed to cultivate GM crops on the country's territory for the first time. From 2005 to 2008, they cultivated MON810 (Monsanto), which is an insect-resistant GM maize, on increasing, but overall relatively small areas [23] . MON810 received EU approval for commercial cultivation already in 1998 and is currently the only biotech crop that is authorized for this purpose in the EU. The 'co-existence' regulations under which farmers cultivated this biotech crop in Germany for four years were extremely strict. The three most important rules are considered here, briefly: isolation distances requirements for GM crops to conventional and organic fields, the public GMO location register, and the ex-post liability rules [33] . It should be noted that these rules are complemented in German law by 'best practice' measures for GMO cultivation and detailed provisions for technical segregation [34] , as well as by Regulation 1830/2003 [28] on the implementation of the EU regulation on labeling and application of GMOs.
First, German law demands minimum isolation distances for GM maize. It requires 150 m to adjacent conventional maize fields and 300 m to organic maize fields. These rules are much stricter than the seed industry advocated for, which, based on field trials on pollen drift, suggested the German government to implement 20 m distances from GM maize fields to conventional and organic maize fields [35] (p. 3). With its isolation distance requirements, Germany holds a midfield position among the 16 member states that have implemented such requirements. Most member states demand such large minimum distances that GM farmers are exacerbated or even de facto prohibited from cultivating GM crops. Only in Spain, the main producer of GM crops in the EU, minimum distances (20 m for GM maize) are required, thus governing, but not severely hampering, the cultivation of GM crops [36] (p. 7).
Second, the GMO location register, in its publicly accessible part, provides information on field locations and the types of GM crops planted. In this register, farmers, as well as plant scientists, are legally obliged to disclose the exact sites where they cultivate GM crops. The register functioned as a significant barrier for both actor groups to carry out their work because the via Internet freely accessible register allows for anti-GMO activists to easily ascertain where GM crops are planted. As a result, activists occupied or destroyed many of the few GMO plantings causing pecuniary losses of both farmers and scientists [37] . The federal state Saxony-Anhalt objected the GMO location register at the German Supreme Court in 2005, which decided five years later that this rule was in line with the German Constitution [10] (p. 180).
Third, the German liability rules address the EU's requirement to enforce ex-post measures that determine who must cover the costs of possible economic damages that are caused by GM agriculture on fields where the two other farming practices are applied. According to these rules, GM farmers are strictly liable for damages caused, for instance, by the 'contamination' of non-GM crops due to pollen wafting from their GM fields. The maximum liability of GM farmers amounting to € 85 million is extraordinarily high. It is remarkable that even if GM farmers have met all requirements and adjacent properties are polluted accidentally, they are not exempt from possible liability claims of conventional or organic farmers. Moreover, if GM fields are possible sources of damage, the respective GM farmers are jointly liable [20] (p. 49). Particularly, this liability regime made it an existential risk for farmers to cultivate GM crops in Germany [10] (p. 178).
Altogether, the German 'co-existence' regulations comprise strict ex-ante regulations and strict ex-post liability rules. Thus, the regulatory framework on GMOs in place in Germany is more prohibitive when compared to most other member states [7, 20] . Together, the three policy instruments were intended to guarantee 'peaceful co-existence' in Germany. However, these rules de facto 'postponed' the conflicts over GMO cultivation from the supranational and the national level to the local level. The 'co-existence rules' allowed farmers to cultivate GM crops for commercial purposes for the first time in Germany. Subsequently, some farmers started cultivating the GM crops despite the very strict regulation in place [23] . Small-scale and organic farmers, however, perceived the incipient GMO cultivation as a threat. Together with environmental NGOs, they advocated against the idea of 'co-existence' in principle and demanded very strict 'co-existence' measures at the least. These actors considered 'co-existence' not primarily as an economic issue, but an ethical, environmental, and socio-economic one [26] (pp. 289-290). On the other hand, the German farmer union and the agribiotech industry attacked the 'co-existence' provisions in Germany for the unduly high barriers to GMO cultivation [2] (p. 183). Thereby, the rules 'intensified domestic conflicts between advocates of [the] contending agri-paradigms' [2] (p. 183).
Turning now back to Figure 2 , we can see that multiple communes introduced cultivation bans in the period of strictly regulated GMO cultivation from 2005 to 2008. The peak of the annual growth rate is in 2007 with 54 new local council resolutions. One plausible way of interpreting this high number of cultivation bans is that intensified domestic conflicts, along with the new possibility of farmers to grow GM crops on their agricultural land, motivated local policymakers to introduce these bans. Moreover, these actors could have perceived the existing 'co-existence' regulations as being insufficient and therefore seized cultivation bans additionally. Commission for Biosafety, and EFSA-had considered MON810 to be safe [39] (p. 275). Since the ban, the 'co-existence' rules are, in fact, rather theoretical, as no other GM maize varieties-and in general no other GM crop-is authorized for commercial cultivation in the EU. Figure 2 shows a mixed picture for the years after the national cultivation ban on MON810. At first glance, it may surprise that the regulatory activity varies considerably between 2009, 2010, and 2011, and the subsequent years. While considering that the MON810-ban de facto prohibits commercial GMO cultivation in Germany, the relatively high number of local cultivation bans taken by the communes in 2009 seems astonishing. However, this number might be explained by the fact that corresponding council resolutions had been initiated and prepared before the federal government imposed the ban in April 2009. The strikingly low number of cultivation bans in 2010 may be interpreted as a reaction of local policymakers, who, due to the national ban, might not have seen any more need to regulate. While many municipalities adopted local cultivation bans in the period of 'co-existence' regulations from 2005 to 2008, only the national MON810-ban in 2009 appears as having satisfied the regulatory needs of the communes, as indicated by the low number in 2010.
In addition, Figure 2 indicates that significantly more communes established cultivation bans only one year later in 2011. A probable explanation for this increase is that GM potato EH92-527-1, better known as 'Amflora' (BASF), gained authorization for commercial cultivation in 2010. After a marathon authorization procedure of 13 years, the modified starch potato was the third-and to date last-GM crop that received approval for commercial cultivation. What might have motivated the communes to impose cultivation bans in 2011 was not only the fact that this GM crop gained approval. Rather, farmers immediately started planting 'Amflora' already in the approval year, but on overall very limited areas (a total of 17 hectares, and only for two years from 2010 to 2011) [23] . The reason for the short period of cultivation was that BASF suspended the marketing of 'Amflora' in the EU when it shifted its plant biotechnology division to the United States in 2012 [40] . In addition, after a lawsuit by Hungary, the General Court of the European Union, overturned the approval of 'Amflora' in 2013 because of procedural errors that were made by the European Commission in the approval process [41] (pp. 195-199). Besides BASF, other leading agri-biotech companies-Bayer (in 2004) and KWS (in 2015) relocated their plant biotechnology divisions from Germany to the United States (US) [42] .
In the years from 2012 to 2014, only a few communes took regulatory action to impose local cultivation bans (Figure 2 ). This limited number of local cultivation bans can be interpreted as the result of the fact that local policymakers did not have to fear that farmers could possibly cultivate biotech crops on their agricultural land due to the MON810-ban and to terminating the cultivation of 'Amflora'. Only very few communes might have feared potential new authorizations of new GM crops for commercial purposes, and therefore implemented cultivation bans.
Phase 4: The years after the national ex-ante bans on GM crops, 2015-2017
When inspecting Figure 2 again, we can see that not a single commune imposed a cultivation ban during the three-year period from 2015 to 2017. This development might be related to Directive 2015/412. This directive was adopted in March 2015 and it gives the member states the possibility to institute restrictions or bans during the approval process for a given GM product (ex-ante), and to restrict or prohibit the cultivation of specific GM crops in the aftermath of granting an authorization on the EU level (ex-post) [43] . Germany used the ex-ante option and demanded restrictions of geographical scopes of all GM crops pending approval in the authorization pipeline at EU level. It was not the only country doing so: 16 other member states and four regions made varying use of this new legal possibility [12] (p. 810). The German government reasoned the exclusion of its territory from the future authorizations of six GM maize varieties (Syngenta withdrew two varieties) with the incompatibility of GM maize with 'usual agriculture land use in Germany. It would have negative effects on the cultivation of conventional and organic maize' [44] 
With increasing numbers of municipalities having implemented cultivation bans, the potential number of future cultivation bans automatically decreased. It seems, however, plausible to interpret the regulatory inaction of German communes from 2015 to 2017 as a result of the regulatory proceedings that took place at the EU level. As a reminder: in Germany, more than 11.000 communes exist, which, in principle, could adopt GMO cultivation bans. However, after the national ex-ante bans on all the GM crops pending approval, the communes might not have viewed it necessary to regulate GMOs themselves anymore. These ex-ante bans might have signaled to local policymakers that farmers, at least in the medium term, would not be given the possibility to grow GM crops in their territories.
Theoretical Considerations
What motivates municipalities to become active and pass GMO cultivation bans? Research indicated that multiple factors can explain policy-making at the local level including actor-specific factors, such as the party-affiliation of mayors or structural factors, like, for instance, the size of a commune [45, 46] . Theorizing all the possible factors would contradict the exploratory logic of this study as well as overstretch this piece of research. Therefore, this study focuses on three arguments why municipalities might be motivated to ban the cultivation of GM crops in their territories: functional motivations, political aspirations of local policymakers, and policy diffusion.
Due to the high level of risk that is often attributed to GMOs [47] , several possible functional motivations exist, which might induce local policymakers to advocate cultivation bans. At their core, these motivations are shaped by normative, cultural, religious, and other beliefs, and aim at preserving or protecting certain valuable goods inferred from these beliefs. For instance, environmentalists tend to consider GM crops as dangerous to natural biodiversity. Similarly, consumers often regard GM foods as being a potential risk to their health. Most risk assessment studies conclude that GM crops have no significant adverse effects on the environment or human health [48, 49] . Nevertheless, local policymakers might be motivated to protect certain valuable goods, such as biodiversity or citizens' health, and therefore aim at preventing the cultivation of GM crops on communal territories.
Another important functional incitement for a local unit to impose a cultivation ban might be the preservation of conventional and organic farming. It is believed that their existence can be better secured if the area that is owned by a commune is covered by rules that prevent farmers from cultivating GM crops. Cultivation bans might be viewed a means to guarantee the labeling threshold of 0.9% set for adventitious and/or technically unavoidable GMO ingredients, which applies to conventional as well as to organic products in the EU [28, 50] . This aspect is even more relevant for organic farming as many organic companies have voluntarily prescribed a more restrictive labeling threshold of 0.1% for GMO ingredients. Further monitoring measures to meet these thresholds would entail additional financial costs, particularly for organic farmers-a scenario that comes into relevance when GM crops are planted near organic cultivations [20] (p. 7).
Local policymakers might also be motivated to ban GMO cultivation due to socio-economic concerns that are related to GMO farming [51, 52] . The industrial farming practices that are often associated with GMO agriculture are frequently considered to threaten traditional small-scale agriculture in rural spheres. Therefore, GMO cultivation might be considered a direct threat to small farmers, existing upstream and downstream industries, and consumers of food from traditional food-production systems [53] . However, by implementing cultivation bans, municipalities can protect and support traditional food-production systems. So, they can contribute to avoiding possible shifts in the socio-economic status triggered by GMO farming from which mainly agri-biotech companies and large-scale farmers would benefit, but actors operating in traditional agri-food systems would suffer.
Several other functional reasons that are motivated by religious, ethical, moral, or globalizationcritical beliefs might motivate policymakers to take regulatory action. When local policymakers consider certain values as not being sufficiently protected by the regulatory status quo, they may become active and try to do so themselves.
The second argument that we propose in this study is that municipalities impose cultivation bans due to political aspirations of local policymakers seeking credit for positive policy outcomes. The central objective of political parties and individual policymakers is the maximization of their vote share at upcoming elections as this increases their chances of becoming (re-)elected, which, in turn, allows for them to implement certain policies [54, 55] . Skjaeveland and colleagues [56] have shown that this idea also applies to the local level. Due to their vote-seeking aspirations, policymakers are responsive to public opinion: for the GMO case, several studies have shown that negative public opinion functioned as a major driver for several EU member states to impose national cultivation bans [57] [58] [59] [60] .
Accordingly, policymakers operating at the local level might also have strong incentives to respond to the public rejection of GMOs-or at least to distance themselves from unpopular GMO farming [61] . Hence, they might regard cultivation bans as a suitable means to increase their political success. As the GMO issue has proved to predominate several local agendas and sparked intense conflicts at this level [13, 14, 62] , the topic should attract the attention of vote-seeking local policymakers who might hope for electoral benefits from politically exploiting the issue.
The third argument refers to policy diffusion, that is, the notion that policy decisions adopted by a political unit are affected by policies that are adopted beforehand by other political units [63] [64] [65] [66] . A key mechanism underlying policy diffusion among political units operating at the same level is learning [63] (p. 840). Learning can be understood as a process by which policymakers employ the experiences of other political units to estimate the likely consequences of policy change [65] (p. 17). According to Bednar [67] (p. 273), the chances that policies diffuse increases in constellations when other political units are characterized by similar preferences and problems and consider a certain policy at stake as 'successful'. Why should local policymakers consider a GMO cultivation ban as successful?
Drawing on the considerations above, policymakers might consider a ban that is adopted by another commune as a suitable instrument to prevent the population from environmental or health risks potentially emanating from GMOs. Moreover, these actors might consider it to be necessary to harmonize their regulations, which might foster the diffusion of these policy measures, especially among adjacent municipalities. Finally, these bans might diffuse due to the political aspirations of policymakers in recipient municipalities. If these actors observe politicians in other communes as having benefited from adopting the regulatory measure in electoral terms, this could induce them to advocate the measure with the goal of increasing their political success as well.
Methodological Clarifications
To explore the determinants of GMO regulatory action on the local level, this study employs 131 local council resolutions taken by German cities and communes from 1999 to 2017. In Germany, overall 307 communes made use of the legal possibility to include a specific clause in their lease contracts for agricultural land that forbids farmers to cultivate GM crops on communal land. As only 131 council resolutions contain relevant information on why a commune implemented these local GMO cultivation bans, the analysis of the determinants thereof will be limited to this set of communes.
Most documents inspected are freely accessible on the internet homepage http://www. gentechnikfreie-regionen.de/regionen-gemeinden/gentechnikfreie-kommunen.html. Some missing information could be found searching the internet and by contacting the municipalities. The free accessibility of the documents enables the reader of this study to check and replicate the results provided. The homepage that is cited above is operated by 'Friends of the Earth Germany' (Bund für Umwelt und Naturschutz Deutschland, BUND, Berlin, Germany) with the support of the 'Working group peasant agriculture' (Aktionsgemeinschaft bäuerliche Landwirtschaft, AbL, Hamm, Germany). The BUND advocates environmental protection issues, whereas the AbL aims at preserving traditional (organic and conventional) farming practices. Based on these aspirations, the two associations work closely together in advocating the strictest GMO regulations as possible. One of their lobbying strategies to accomplish this goal is their support for municipalities to ban GMO cultivation on their land.
The basic assumption underlying the use of local council resolutions is that these documents often develop from political debates between local policymakers, who are, in the first place, local councilors, and mayors (with or without party affiliation) representing the various interests of local citizens. Therefore, the documents can be considered as reflecting important parts of the societal and political debates in the respective municipalities. As indicated, many of the documents do not include relevant information regarding w cultivation bans have been introduced-instead, they only inform about whether proposals for these measures have been adopted, and sometimes on the voting behavior of the members of local councils. The varying provision of information in the council resolutions seems to be due to some formal nature of how these documents are written in the municipalities across Germany. Nevertheless, 131 documents provide multifarious information on why municipalities have imposed cultivation bans, thereby reflecting the debates that are sparked by the GMO issue in the local spheres.
From the method of document analysis, one possible limitation of this study might emerge, as it might be that this study does not encompass all the relevant reasons for regulatory action. The practical reason for this is that some arguments for banning GMO cultivation, which might have been relevant in a commune, are possibly not written down in the council resolutions, which represent our exclusive data source. For instance, mayors hoping to generate public benevolence might have implemented a cultivation ban in their communes. However, when analyzing the corresponding council resolutions, it could happen that this motive for taking regulatory action cannot be identified as no statement-implicitly or explicitly-refers to this aspect.
The study seeks to identify the drivers of GMO regulatory activity at the local level by analyzing the statements included in local council resolutions. For this undertaking, qualitative content analysis appears as the most suitable method [68] . The manual coding of the statements was started by using a coding scheme that we sketched based on the theoretical considerations. Based on an inductive procedure, we successively modified the coding scheme during the further coding process. The coding categories were revised and reduced several times until a coding scheme was derived that ensured that all the relevant empirical information contained in the documents was captured. Finally, all 131 documents were inspected again to make sure that all relevant data were included and that the assignments of the statements to the categories fulfilled the requirements of reliability.
This coding procedure resulted in various main and sub-categories, which can be inspected in Table 1 below. The five main categories the data were assigned to are the following:
Socio-economic aspects Environmental and health risks Imminent GMO cultivation Local Resistance Diffusion
The statements that were assigned to the categories provide information on how significant certain factors are for the GMO regulatory activity of German municipalities that published corresponding information. Finally, qualitative content analysis was complemented by a quantitative content analysis that looked specifically at the frequencies of combinations of sub-categories within council resolutions that were proposed by communes in order to identify patterns of reasons for prohibiting GMO cultivation at the local level. 
Presentation and Discussion of the Empirical Findings
Functional considerations played a key role for municipalities when introducing GMO cultivation bans; socio-economic aspects and perceived risks for the environment or human health were mentioned most often. Sixty-one municipalities justified their cultivation bans referring to socio-economic aspects, such as negative impacts on the conventional or organic agricultural sector, which amounts to about 47%. Around 42% of the municipalities referred to risks for the environment or human health in their explanatory statements. Imminent GMO cultivation, either in the form of planned cultivation on a municipality's territory or due to new authorizations on the EU level, seemed to be less central, however (9%).
Turning to political aspirations, rejection by local farmers and by the local public appear to be important aspects. Around 34% of the communes mentioned any of the two aspects of local resistance. Finally, the documents provide evidence for policy diffusion processes. About 36% of the communes referred to cultivation bans of neighboring municipalities or higher administrative units as a reason for implementing cultivation bans. Of course, cultivation bans could diffuse due to functional considerations of recipient policymakers; policy diffusion will be examined in more detail below.
Functional Reasons for Banning GMO Cultivation
By exploring the council resolutions, socio-economic reasons turned out to be decisive for the communes' decisions to ban GMOs. The councils mentioned the following aspects: endangerment of conventional or organic agriculture, dependency on multinationals, the absence of economic benefits, low consumer demand, surveillance costs, and conservation of land value.
Potential detrimental effects of GMO cultivation on the conventional and/or organic agricultural sector is one of the dominant reasoning in municipalities' explanatory statements. When inspecting Table 1 , which gives an overview over all statements coded, we can see that about 38% of the communes referred to negative effects on conventional agriculture and about 19% explicitly mentioned harmful consequences for organic farmers. Most of these communes issued serious doubts on the feasibility of coexistence in Germany. For instance, the council of Metzingen noted, 'biologists are convinced that coexistence is only feasible if bigger contiguous areas without GMO cultivation are created. However, a simple separation between GMO and GMO-free cultivation is impossible because gavelkind in Baden Württemberg led to mostly small plots of land lying closely together'. Instead of coexistence, 'inevitable creeping contamination will threaten conventional and organic farmers' livelihood'. Consequences for organic farmers resulting from contamination would be particularly severe, as they would not be able to follow the guidelines of organic farming anymore, as noted by the city council of Bamberg for instance.
Apart from the threat of contamination for conventional and organic agriculture, municipalities referred to other potential problems of GMO cultivation for local farmers. One of these issues was a possible dependency of farmers on multinationals; mentioned by 16% of the communes. The municipality Brück, for example, noted, '[the seed trading company] Märkische Kraftfutter (Märka) is the main distributor of GMOs [in Brandenburg]. Their interest lies in the use of GMOs because selling genetically modified seeds would lead to an dependency on their customers'. The council of Munich stated, 'there is a threat that increasing market concentration will make farmers and consumers dependent only on a few globally operating multinationals in a few years'. Furthermore, the council of Leipzig argued that potential future market pressures could force conventional farmers to adapt to GMO cultivation. Due to the German liability rules, 'farmers will then face a high risk of heavy claims for compensation in case of contamination or negative health impacts. Most of them would not be able to afford an appropriate liability insurance'.
In addition to the potential problems of GMO cultivation, a few municipalities cast doubts on the economic benefit of GMO cultivation and pointed to the low consumer demand for GMOs in Germany. Some municipalities also worried about potential surveillance costs resulting from measures to guarantee coexistence. Loss of land value seemed to be of some concern as well. For instance, the council of Dortmund noted, 'acreage that was contaminated by the use of genetically modified plants is limited in its usability as it cannot be used for conventional cultivation anymore. In addition, its use as compensation area is limited. Therefore, this acreage has reduced economic and ecological value'.
Interestingly, many municipalities emphasized the need to strengthen the local economy instead of preparing the ground for multinationals and called on local people to purchase local products. A councilor in Hofstetten stated, 'it is a great thing if domestic farmers are supported and people purchase products produced in the Ortenau area [the largest district in Baden-Württemberg located in the direct neighborhood to the French border]'. The council of Neufraunhofen pointed out that 'small peasant farming characterizes most parts of Bavaria. To preserve this agricultural structure, it is of particular importance to sustain and improve the living and working conditions of the population enrooted in agriculture'. Some municipalities even took the opportunity to support local farmers directly. For instance, the council of Strausberg decided that 'the use of local organic foodstuffs in cafeterias of community facilities and at public events shall be increased'. From these findings follows that the municipalities' interests in preserving existent agricultural structures and supporting their own local economy have served as a crucial reason for banning GMOs.
Regarding the second type of functional considerations, it was argued that local policymakers might consider cultivation bans as a functional means to protect the environment and human health from uncertain risks emanating from GM crops. The study shows that, to varying degrees, municipalities referred to these two potentially affected areas when justifying their cultivation bans.
Perceived risks for the environment were mentioned most often: about 35% of the communes stated that GM crops could be harmful to the environment. Most statements explicitly referred to the danger of a loss of biodiversity due to outcrossing or expanding industrialized agriculture. The council of the community Metzingen stated, 'the outcrossing of genetically modified organisms in the environment emerges as a great threat for biodiversity for years to come. Genetically modified organisms spread through wind and bees that transfer pollen, through humans, animals or machines that carry seeds over long distances accidentally'. The council of Dortmund further emphasized the problem of irreversibility of outcrossing by emphasizing that 'cultivation of GMOs comes with a serious intervention into [ . . . ] biodiversity in the ecosystem whose consequences are difficult to foresee. However, a complex process is set in train, which can neither be stopped nor be undone, even if it turns out that the use of biotechnology was a wrong decision'. The council of Munich explicitly mentioned a possible relationship between GMO cultivation, industrialized agriculture, and the loss of biodiversity: '[the use of biotechnology] would lead to an increase in agricultural production, a further intensification of the already drastic structural change [in agriculture], [ . . . ], and a loss of genetic and regional diversity'.
Risks for human health were mentioned less frequently than risks for the environment. About 27% of the municipalities referred to potential negative impacts on local people's health as a reason for banning GMO cultivation. Most municipalities referred to risks for human health in general and emphasized the problem of the uncertainty that is inherent in this risk. For instance, the local council of Hüttisheim stated, 'the main reason [for implementing GMO cultivation bans] is local citizens' health as subsequent damages of genetically modified plants are not foreseeable'.
The third set of reasons given by the communes for adopting bans relates to their fear of 'imminent GMO cultivation'. This category includes communes that perceived the likelihood that GM crops will be planted on their territories as particularly high-either due to planned cultivations on their own land or in their neighborhood or due to possible new GM crop authorizations or the liberalization of appropriate regulations at EU level. In other words, specific (anticipated) events were given as reasons for banning GMOs. Altogether, 9.1% of the communes made statements in these two regards, wherefore it seems worthwhile to investigate and differentiate the two sub-categories and analyze them in further detail.
Only a small share of 3% of all municipalities justified cultivation bans with planned cultivations of GM crops for scientific or commercial purposes in their territories or in those of neighboring municipalities. For instance, the commune of Leingarten banned GMO cultivation in response to a planned cultivation of GM maize on its territory in February 2006. Moreover, a planned release by Monsanto in another commune, Grünsfeld, led the adjacent city of Lauda-Königshofen to ban GM crops on its own territory to take a clear stance against the planned release in their neighborhood in March 2007.
As opposed to the above, the fear of GMO cultivation on municipalities' land due to new authorizations of GM crops or the liberalization of regulations at EU level seems to be more relevant (6.9%). For instance, the council of Metzingen justified their cultivation ban in May 2004 with the end of the EU 'moratorium', because it increased the likelihood of new authorizations, and, as a result, made extensive commercial cultivation of GMOs on German acreage more likely. Likewise, the authorization of the GM potato 'Amflora' in 2010 was mentioned as a reason for the cultivation ban adopted by the city of Magdeburg in August 2010. In this case, only three weeks passed between the EU approval and a regulatory response at the local level. The new 'co-existence' rules, implemented in 2005, under which GMO cultivation was allowed in Germany for the first time, induced the community of Lahr to put the topic of biotechnology on its agenda and to eventually ban GMO farming on its territory in August 2006.
Altogether, the number of municipalities that explicitly refer to imminent GMO cultivation on their arable land is rather small. One reason for the small number of references to planned cultivations of GM crops in municipalities' explanatory statements could be the rare overall incidence of GMO farming in Germany, as pointed out in Section 2. However, this also supports our approach to investigate the multiple possible reasons in order to answer the question of what moved the other 91% of municipalities to ban GMO cultivation.
Policymakers' Reasons for Adopting GMO Cultivation Bans
Some municipalities could have banned GMO cultivation due to political aspirations of local policymakers-our second theoretical explanation. According to this theoretical argument, local policymakers could attempt to increase their political success by implementing popular regulatory measures. About 33.4% of the municipalities explicitly referred to local resistance in their explanatory statements. Based on the explorative findings, one can differentiate between two actor groups: rejection by the broader local citizenship, which was mentioned by about 29.8%, and rejection by local farmers, mentioned by about 11.5% of the communes.
The documents indicate that resistance by local citizens ranges between widely diffuse rejection of GMOs and concrete resistance actions, such as petitions or citizens' consultations. For instance, the community of Ainring noted in general that it shared its populations' concerns about the consequences of GMO cultivation. On the other hand, the council of Schwäbisch Gmünd specifically describes the evolution of an action alliance that collected signatures against the cultivation of GMOs in the area. Resistance by farmers is described in a similar way. Some municipalities just mentioned their farmers' general rejection of GMOs. Others described in detail how local farmers associated to gain influence or how regional farmers' federations started to intervene.
These observations indicate that some local policymakers reacted to specific forms of local resistance and to the local public opinion in general. The findings can be interpreted against the background of our theoretical reasoning according to which local policymakers might use cultivation bans for credit-claiming reasons. As already pointed out in Section 2, municipalities de facto cannot ban GMO cultivation on their territory completely. However, some still react and prohibit GM crops on municipally owned land only. If, as a matter of fact, municipalities cannot completely ban the cultivation of biotech crops on their land, why then would they still adopt corresponding council resolutions? Interestingly, some municipalities provided information on the genuine functions of their local cultivation bans, which can be differentiated into three sub-categories: complementary, preventive, and symbolic functions.
About 19% of the communes adopted cultivation bans with the aim of complementing regulations in place at higher levels-the regional and the federal level particularly. For instance, the documents from Rednitzhembach (2007) and Kammerstein (2007) state that there do not exist sufficient binding rules at higher political levels, wherefore cultivation bans should be adopted. The two communes' initiatives date back to 2007 when the national cultivation ban on MON810 had not been in place yet and the 'co-existence' rules already applied. Although the latter regulations are widely considered as being very strict, these rules appear as having disappointed municipalities as well as conventional and organic farmers, as these provisions de facto permitted farmers to cultivate GM crops. Accordingly, the 'co-existence' rules were neither satisfactory for the anti-GMO actors nor for those farmers who wanted to grow GM crops for economic reasons (see Section 2, Phase 2). In February 2008-about one year before the introduction of the national cultivation ban on MON810-Weiler-Simmerberg was rather clear in this regard stating that 'while in countries such as Austria or Poland the state decided to become GMO-free, only in Germany bottom-up pressure would be needed'. This reinforces the argument that municipalities themselves become active and regulate if, from their point of view, sufficient regulatory measures have not been anchored on higher levels.
A few communities (about 5%) underlined the preventive character of their council resolutions. Although none of the farmers operating in these communes cultivated GM crops or intended to do so, these municipalities decided to take precautions to assure that these crops would not be cultivated in their territories in the future. Although a local cultivation ban did not prohibit possible future GM crop plantings completely, it would send a clear message that GMO farming was not welcome in their municipalities. About 14.5% of the communes emphasized the symbolic character of banning GMO cultivation in their areas. Instead of conceiving this provision as an actual opportunity to close a gap in current regulatory frameworks, they declared it as a political act and hoped for a signaling effect of this policy measure. For instance, the council of Breitenbach am Herzberg declared the commune 'as a symbolically GMO-free commune' and added, 'the political commune supports its citizens politically [ . . . ] to prevent the establishment of biotechnology in agriculture'.
Although the proportion of municipalities that made corresponding statements in their resolutions is not particularly high, general empirical support can be found for the second theoretical explanation. Especially, the comparatively high number of municipalities mentioning local resistance in their explanatory statements indicates that local policymakers are responsive to their citizens. Apparently, local policymakers attempt to claim credit by adopting the popular ban of GMO cultivation.
Diffusion of GMO Cultivation Bans
Finally, we are going to deal with policy diffusion, the notion that policy decisions that are adopted by a given political unit are affected by policies adopted beforehand by other political units. Almost 36% of the communes made statements in their resolutions suggesting that diffusion somehow took place. Interestingly, the information obtained from these documents refers to two differing sources of such diffusion effects.
First, about 26% of the communes stated that they imposed cultivation bans due to regulatory action taken by other municipalities before. For example, the commune of Zell am Main banned GMO cultivation in May 2013 while referring explicitly to their neighbor community Rottendorf which had adopted the same provision three months before. Moreover, geographic proximity between municipalities does not seem to be a necessary condition for intercommunal effects. The city council of Creglingen, for example, argued against a planned field trial by Monsanto in another commune (Grünsfeld) which is about 40 km away. Instead, several other factors, such as personal acquaintances between local farmers, mayors, councilors, or activists might positively condition such intercommunal effects. Hence, these findings correspond with the theoretical argument of horizontal diffusion effects between municipalities. Obviously, many communes are characterized by similar preferences and problems, and therefore consider the cultivation bans that were adopted by other communes as promising, which induces them to adopt this measure, too.
Second, the documents provide evidence for diffusion effects stemming from the countylevel-and especially in those districts, where the respective county councils have declared the districts as 'GMO-free zones'. About 12.2% of the municipalities referred to decisions taken in the county councils when justifying their own provision. In some cases, the county councils, after declaring themselves as 'GMO-free', explicitly called on all communes in their district to take complementary measures and to declare themselves as free of GMOs as well. To give one example, the Bavarian commune Thurmansbang stated that 'the council of the county of Freyung-Grafenau [ . . . ] adopted the basic decision to designate the district as a 'GMO-free zone. This decision should also be endorsed by the county-based cities, markets, and municipalities'. In contrast to horizontal diffusion, vertical diffusion effects, which in these cases, stem from the county level, had not been expected.
All in all, there is sufficient empirical evidence that policy diffusion played a role in spreading cultivation bans at the local level in Germany. Not only did these bans diffuse horizontally from one local unit to another, as we assumed theoretically. While vertical diffusion might be due to hierarchic coordination by respective counties, learning is probably more important in the case of the horizontal diffusion of cultivation bans. Nevertheless, as this holds true for all factors that were analyzed here, it is difficult to assess how significant these diffusion effects were for cultivation bans in individual municipalities as in almost all cases various reasons were mentioned in the council resolutions.
The Interdependencies between the Reasons for Banning GMO Cultivation
The first part of the empirical analysis focused on the single frequencies of the statements given by municipalities. The second part considers the interdependencies between the reasons noted in the local council resolutions. Which combinations of reasons appear most frequently in these documents?
Are there any patterns in the combinations of reasons why GMO cultivation in local spheres should be prohibited? Figure 3 displays the interdependencies between the various statements made by the 131 municipalities that have been investigated. We excluded the category 'Character of provision' as it rather describes the nature of the policy measure than the reasons why certain policy measures are taken. The different categories of reasons are depicted as nodes. The bigger the size of the nodes, the more frequently municipalities mentioned the respective categories. The different categories are linked by edges. The darker the color and the bigger the size of an edge, the more frequently the two categories that are linked by the edge were mentioned together. In more detail, each edge represents the sum of joint mentions of two categories divided by the maximum number of theoretically possible joint mentions of the same two categories. For example, 'risks for the environment' was named by 46 municipalities and 'risks for human health' was named by 36 municipalities. Therefore, the number of cases where both categories could have been mentioned together is limited to 36 times. In fact, both of the categories were jointly named 27 times. Therefore, the ratio of both categories is 27 divided by 36, equaling 0.75 or 75%. The number of joint mentions is divided by the maximum number of theoretically possible joint mentions in order to control the different frequencies of mentioned categories. Computation of Cramer's V for the interdependencies between any two of the categories delivered similar results. We decided to use the method, as described above, for the reason of easier interpretation. All of the ratios can be found online in Table S2 of the Supplementary Materials. NetDraw [69] was used to create the graph.
When looking at the graph, it can be observed that a wide variety of combinations of different reasons for prohibiting GMO cultivation exists in communities' explanatory statements. Most of the nodes are linked by many other nodes. However, some reasons were combined many times, whereas others only occasionally or not at all. Turning to socio-economic reasons, we can see that these reasons are in general highly interconnected, which means that they are often mentioned together in one document. Most municipalities that referred to a negative impact on organic agriculture also mentioned a negative impact on conventional agriculture (24 of 25 possible combinations equaling Computation of Cramer's V for the interdependencies between any two of the categories delivered similar results. We decided to use the method, as described above, for the reason of easier interpretation. All of the ratios can be found online in Table S2 of the Supplementary Materials. NetDraw [69] was used to create the graph.
When looking at the graph, it can be observed that a wide variety of combinations of different reasons for prohibiting GMO cultivation exists in communities' explanatory statements. Most of the nodes are linked by many other nodes. However, some reasons were combined many times, whereas others only occasionally or not at all. Turning to socio-economic reasons, we can see that these reasons are in general highly interconnected, which means that they are often mentioned together in one document. Most municipalities that referred to a negative impact on organic agriculture also mentioned a negative impact on conventional agriculture (24 of 25 possible combinations equaling 96%). Communes worrying about a looming dependency of their farmers on multinationals referred to a negative impact of GMO cultivation on conventional agriculture in 13 of 21 cases (71%).
The strongest interdependence can be observed between surveillance costs and the impact of GMOs on organic agriculture. In fact, communes mentioning the problem of surveillance costs always referred to the negative impacts on organic agriculture as well. However, only two communes mentioned surveillance costs, resulting in 100% of possible combinations. Therefore, this finding cannot be seen as representative. Finally, the potential problems of land value conservation were often mentioned in combination with a negative impact on conventional agriculture or organic agriculture (five of seven possible combinations equaling 71% in both cases).
The strong correlation between different sub-categories of socio-economic reasons is not surprising. It is indeed more interesting that these socio-economic reasons are very often stated in combination with the risks for human health or risks for the environment. Municipalities referring to a risk for the environment were also mentioning a negative impact on conventional agriculture in 31 of 46 cases (67%). Similarly, communes referring to a negative impact on organic agriculture brought up risks for the environment in 16 of 25 cases (64%). The same pattern can be observed for socio-economic reasons and risks for human health: 26 of 36 municipalities mentioning risks for human health also referred to a negative impact on conventional agriculture (72%) and 15 of 25 communes referring to organic agriculture also mentioned risks for human health (60%).
When looking at the graph, it can be observed that these four categories are also located quite close to each other, forming a cluster of nodes. The position of nodes within the graph is determined by using a multi-dimensional-scaling technique (MDS). Multi-dimensional-scaling is a technique that is used (in network analysis) to assign locations to nodes in multi-dimensional spaces-in this case in a two-dimensional space-so that nodes that are 'more similar' are closer together. In this case, two nodes are 'similar' to the extent that they have similar shortest paths (geodesic distances) to all the other nodes [70] .
Absolute distances between nodes cannot be interpreted meaningfully (a shorter distance between node A and B than between node A and C does not necessarily mean that there is a stronger interdependence between node A and B than between node A and C). However, clusters of nodes can be interpreted. The four categories forming a cluster in this graph are interrelated to a higher degree than, for example, the categories environmental risk, horizontal diffusion, and vertical diffusion. Consequently, socio-economic aspects and environmental and health risks were not only mentioned most frequently, but they were also often mentioned in combination with each other. Finally, potential GMO cultivation was also combined frequently with a negative impact on conventional agriculture (66.6%; 6 out of 9) or on organic agriculture (56%; 5 out of 9).
Examining political aspirations, there is some overlap between the rejection of GMOs by farmers and the rejection by the local population. Especially communes referring to farmers refusing GMOs often stated a negative stance of their general local population towards GMOs (10 of 15 communities). Contrary to the patterns that were observed before, rejection by farmers and negative impacts on organic or conventional agriculture were combined less frequently (29% and 20%, respectively). However, rejection by local citizens was more frequently mentioned in combination with a negative impact on organic agriculture (56%) or with the dependency on multinationals (57%). In general, the rejection by local citizens was mentioned in combination with most of the other reasons.
Regarding diffusion effects, horizontal and vertical diffusion processes seem to be mostly independent of each other (19%). Horizontal diffusion is combined with many other categories. However, these combinations occurred rarely. Interestingly, eight of the sixteen municipalities referring to vertical diffusion also mentioned a negative impact through GMOs on conventional agriculture or risks for the environment (50%). Possibly, these considerations might have played a central role on the county-level as well.
To conclude, the reasons for prohibiting GMO cultivation were combined in a wide variety. Nevertheless, some patterns in the combination of reasons can be observed. Most prominently, the two aspects socio-economic reasons and risks for the environment and human health were not only mentioned most frequently by communes but also oftentimes in combination.
Concluding Remarks and Implications
With this study, we examined patterns of GMO regulation on the local level, an issue that has received only scant attention in hitherto research yet. The study focused on three theoretical arguments to explain why municipalities might ban GMO cultivation in their territories and found general support for each of them when analyzing 131 German municipalities that took measures to prohibit the cultivation of GM crops on their arable land on a legal basis.
Functional motivations, especially socio-economic reasons and perceived risks for the environment or human health, turned out to be decisive for municipalities' decisions to impose cultivation bans. Although on the national level, Germany implemented strict rules for safeguarding 'co-existence' between GMO farming and conventional and organic agriculture, many municipalities had serious doubts about the feasibility of 'co-existence' and perceived possible 'contaminations' as severe threats, especially to organic farmers. Furthermore, communes feared that once GMOs were cultivated on a large scale, other farmers would have to adapt to GMO farming leading to a dependency on multinationals, an enhancement of industrial agriculture, and a replacement of traditional agricultural practice characterized by small-scale farming.
Municipalities also referred to risks for the environment and human health as reasons why GMO cultivation should be prohibited on their land. However, we could show that these risks are often mentioned in combination with socio-economic reasons. The impression prevails that mostly socio-economic aspects rather than perceived risks for the environment or local people's health induced municipalities to become active and impose cultivation bans. This observation corresponds with previous studies, which identified socio-economic concerns as well as perceived risks as key drivers of the low public and political support for GMOs in the EU [51, 53, 60, 71] .
Moreover, the results of this study support the argument that local policymakers seek credit for popular cultivation bans, and, therefore, respond to the resistance of local farmers or the local population against GMO cultivation due to their own political aspirations. This observation corresponds with findings of Hartung and Hörisch [8] , who found that, on the German regional level, political parties as a whole, as well as politicians, recognize the credit-claiming possibilities due to the GMO issue, and, therefore, introduce popular regulations to boost their electoral success. However, policymakers might not only respond to their electorates; ideologic and ethical motives, concerns over socio-economic consequences, as well as over environmental or health risks, all represent possible personal reasons, which might motivate them to promote regulatory action.
Finally, municipalities implemented cultivation bans as a reaction to similar policies adopted beforehand by other municipalities or by units on higher political levels. While horizontal diffusion between municipalities can be explained by learning processes of actors in the recipient communes, vertical diffusion from higher political levels can be explained by hierarchic coordination.
The elaborate analysis of local council resolutions underpinned these conclusions with a number of reasons released by the municipalities to justify regulatory action. Overall, the study provides valuable insights into the various reasons as to why municipalities become active and impose bans on GMO cultivation in their respective areas. Motta [72] (p. 1370) stated that 'the social and environmental effects of the global expansion of biotechnology are mostly concentrated at the local level, in the rural and suburban communities that surround GM fields'. The study at hand demonstrated that GMO farming is a multi-dimensional issue at the local level: in local councils across Germany, disparate, but almost exclusively negatively biased views dominated on the (potential) effects of this farming practice, which in turn often triggered political decisions against GMO cultivation.
Municipalities' possibility to prohibit agricultural technologies on their leased land in combination with negatively biased views towards new technologies will possibly have negative implications for future agricultural innovations. Municipalities are free to include any exclusion clause in their lease contracts. Accordingly, municipalities can prohibit farmers from using any new technology on their leased land. The new breeding technique Crispr/Cas represents a current case. On 25 July 2018, the European Court of Justice ruled that new breeding techniques, such as Crispr/Cas, would fall into the scope of Directive 2001/18, which defines a GMO [73] . Consequently, this means that the local cultivation bans already in place, which apply to GM crops of all varieties, also apply to these newly modified crops. One has to bear in mind, however, that municipalities in most cases only own a share of the land on their territory.
The results of this study further emphasize the importance of examining the full complexity of agri-food systems [74] . German municipalities' rejection of GMOs reveals the problems of looking only at single effects, such as the increase of net income gains of farmers adopting GM crops. Instead, it is important to take a holistic view and analyze the interdependencies between agroecosystems and socio-economic systems in their full complexity in order to understand whether the introduction of a new technology, GMOs in this case, will be compatible with existing socio-economic systems, accepted by society, and de facto improve the agri-food systems' sustainability in the end.
The method of document analysis comes with the possible limitation that we do not encompass all the relevant reasons for regulatory action on GMOs on a local level because arguments for banning GMO cultivation might not have been written down in the council resolutions. Thus, the results of this study might leave some space for possible variations in the relative significance of the factors underlying local cultivation bans. One possibility for future research is to examine a small number of particularly interesting communes in case studies. In addition, an analysis of municipalities in which farmers grew GM crops or where a ban was proposed, but not implemented, would be insightful. Further studies could also build on this study and focus on the role of increasing local resilience or the importance of symbolism. By using expert interviews or surveys, more fine-grained data could be derived, which, in turn, could allow for producing more detailed knowledge about the relative significance of the various determinants of local GMO cultivation bans in specific cases. However, many local debates about GMOs took place more than a decade ago, making it thereby difficult to collect reliable data. Using these methods, therefore, comes with some problems.
Finally, the analysis of GMO regulatory activity at the local level could be expanded to other countries, where municipalities have possibilities to regulate this policy field. In this context further, interesting questions could be addressed as for example which legal possibilities municipalities have for doing so, to what extent they make use of these, whether units use informal arrangements to restrict GMO cultivation, and which factors trigger local regulatory action in these countries.
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